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ABSTRACT
AN EXPLORATORY EVALUATION OF STROOP MODULATION UPON
JUDGMENTS OF RELATIVE FREQUENCY
Name:
Gonsalves-Sosa, Gabriel
University of Dayton, 1991.

Advisor:

Samuel M. Bower, Ph.D.

The effects of congruency,

target percentage and target

location on judgments of relative frequency were examined.

A stimulus consisted of a set of 24 words ("ABOVE"/"BELOW")
with asterisks located either on top or underneath the

words.

The stimulus sets were presented on a computer

monitor for 1.50 seconds.

Subjects had to judge the

frequency of their target (asterisks-above or
asterisks-below) at the end of each trial. Forty-eight of
the trials were 100% congruent (word and asterisk location
with relation to the word indicated same location) and

48 of the trials were 50% congruent and 50% non-congruent.

The results indicated that target percentage had a
significant effect on judgments of relative frequency.

Absolute error appeared

higher in the 58.33% and 66.67%

conditions for the initial 48 trials.

When all 96 trials

were analyzed, absolute error appeared higher in the middle
range of target percentage (41.67% and 58.33%).

In the

first 48 trials a significant interaction between
congruency and target location was found. Standard

deviation of absolute error seemed higher for
asterisk-below subjects under 50% congruent condition but
iv

the reverse was true under 100% congruent condition.
main effect of target percentage was also found.

A

Subjects

tended to overestimate the actual percentage of their

assigned target if the actual percentage was less than 50%.
Underestimation was apparent when the actual percentage of

the target was over 50%

and appeared to be a steady

decrease in mean error from the 33.33% to the 66.67% target
percentages.

A significant interaction between target

percentage and target location showed a wider range of mean
error for asterisk-below subjects.

Estimates were fairly

close for subjects regardless of their assigned targets at

the 33.33% and 41.67% conditions.

Asterisk-below subjects,

however tended to underestimate more than asterisk-above

subjects under the 58.33% and 66.67% conditions.

Similar

results were found when the initial 48 trials were
analyzed.

For the initial 48 trials, a significant

interaction between congruency and target location was
found.

Standard deviation of mean error was higher for

asterisks-below subjects under 50% congruence, but higher
for asterisks-above subjects under 100% congruence.

Results appear to indicate that frequency judgments are
more time independent than the Stroop effect.
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CHAPTER I
Introduction

Relative Frequency.

People are sensitive to

experienced differences in the occurrence rates of single
and pairs of letters, syllables, words and surnames just to
mention a few (Attneave, 1953;

Lichtenstein, Slovic,

Fischoff, Layman and Combo, 1978; Rubin, 1974;

Shapiro,

1969; Tryk, 1968; Underwood, 1971; Zechmeister, King, Gude

and Operanadi, 1975). The frequency of occurrence of the
mentioned events is usually not expected to be registered

deliberately.

Despite the fact that people do not appear to

count events intentionally, there is

evidence that the

information about event frequency is stored,

even when

there is no apparent reason to expect any sort of memory

task, subjects have shown remarkable sensitivity to
frequency (Zacks and Hasher, 1984).

Frequency of occurence, spatial location and temporal
location are among those aspects of experience that are

continually registered in memory, whatever the age, ability,
education or motivation of an individual

1979).

(Hasher and Zacks,

This information acquisition process is called

automatic encoding by Hasher and Zacks (1984).

Automatic

processing is defined as fast (Neely, 1977, Posner and
Snyder, 1975), parallel, fairly effortless process (Logan.
1979; Schneider and Schiffrin, 1977;
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Zbrodoff and Logan.

1986), because it is not subject to attentional limitations
(Schneider, Dumais and Shiffrin, 1984). Automatic processing

has also been described as unavailable to concious awareness
(Carr, Me Cauley, Sperber and Permalee,

1982; Schneider,

Dumais, and Shiffrin, 1984) and is responsible for per
formance of well-skilled behavior.

It has been found that people possess considerable
knowledge of the relative frequency with which certain events

occur.

These events range from individual letters (Attneave,

1953) to diseases (Lichtenstein, Slovic, Fischhoff, Layman

and Combs, 1978). The memory of an event consists of a
collection of attributes such as space, time, meaning, mood

and other variables regarding that particular event
(Underwood,

1969, 1983).

For an aspect or attribute of experience to be
automatically encoded,

the following criteria must be met:

a) People are sensitive to this information without

intention; b) the information encoded in this way is no
different than it is when the the intention is initiated;

c)

training exercises at processing such information does

not improve encoding in any way and neither does explicit
feedback;

d)

people differ very little in their ability to

encode this information - neither education, nor social
class, nor culture of origin seem to significantly affect
the ability to encode such information;

e) encoding of this

information will remain constant across a wide age range;
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and f)

disruptions due to arousal, stress and/or

additional simultaneous processing demands will have no

impact on the processing of such information (Hasher and
Zacks, 1984).

The process of automatic encoding of event frequency

has been subject to study by several researchers.

In some

experiments, stimuli that differ in frequency (such as

letters, surnames) are studied.

Others manipulate the

situational frequency using events such as words, pictures or
sentences.
measuring

There are at least three available methods of
people's knowledge of frequency:

In the frequency

judgment method, subjects estimate the number of times that
each of the presented stimuli were present within a given

trial or presentation.

In the frequency discrimination

method, subjects select either the most frequent or least
frequent stimuli among a series of stimulus

pairs.

Finally, in the ranking method, subjects items within a
stimulus set are ordered according to their frequency of

occurrence within the set (Hasher and Zacks, 1984).
Even when subjects intend to encode frequency

information, the quality of stored knowledge of frequency
does not differ from that of subjects who had no intention

to encode frequency information (Alba, Chromiak, Hasher and
Attig, 1980).

In the condition in which

counting

should

have been feasible, subjects perceived differences in size

among categories, but their performance was no better than
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that of subjects in the condition in which it was

difficult, or perhaps impossible to use actual counting.
Subjects' intention to encode frequency can be manipulated

by researchers by instructing them prior to presentation of
the stimulus set(s).

Some instructions fully inform

subjects about the actual task, others purposely misinform

subjects, tell only of some unspecified memory task, or

even fail to mention that there is a forthcoming memory
task (Flexser and Bower, 1975;

1980; Hasher and Chromiak, 1977;
al., 1982, Experiment 3).

Harris, Begg and Mitterer,

Howell, 1973;

Zacks et

None of these studies ever found

that instructions influenced performance on a test of

memory for frequency of occurrence.

Research on the effects of training or feedback have
shown that these have no apparent significant effects on

frequency judgments.

At least two experiments dealt with this

area: Hasher and Chromiak (1977, Exp. 2) conducted research
in which subjects received two successive lists of stimuli.
After reading each list, frequency judgments were made.

There was no difference in performance between the first and

the second list, even for a group of subjects that was given

feedback about the accuracy of their first set of judgments.
In a related experiment (Zacks et al., 1982, Experiment 1)

subjects were given several successive lists on which to

practice.

Practice trials failed to develop an effective

strategy to properly judge frequency of the stimulus sets.

4

The encoding of event frequency appears to be
genetically predisposed as basic memory processes.

to Flavell

According

(1977), these procedures are the building blocks

of the memory system, show limited developmental trends, and
are completed early in life (1.5-2 years of age).
Therefore maximal proficiency should be achieved early in
life and should remain constant throughout the individual's

life.

Research by Hasher and Chromiak (1977, Exp. 1)

compared frequency judgments of children from grades 2,
and 6 were to those of college students.
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Age in this

research proved to be a non-significant variable since all
of the subject groups were able to discriminate differences

in frequency and all subjects did equally well
Chromiak, 1977, Experiment 1).

(Hasher and

Automatically encoded

frequency information has several practical uses.

Underwood's (1971) theory of recognition memory proposed
that frequency information is a major source of people's
ability to distinguish between experienced events and these
they have not.

Those events

they have not experienced do

not seem to have "frequency tags".

It appears that

automatically encoded frequency information can serve as a
potential retrieval clue.

Direct studies with children as

subjects show that providing them cues about the size of a

category will increase the number of list items recalled
(Posnansky, 1978).

Decisions can be influenced by frequency information in
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at least two ways.

Research on "mere exposure effect"

(Zajonc, 1968) has shown that it is those alternatives to

which a person has been more frequently exposed that are

preferred over those to which the person has been less
exposed.

The second way has to do with a person's belief

in the validity

of whatever information is available .

The more an individual is exposed to a particular set of

ideas, the more likely the individual is to believe the
validity of that particular set of ideas

when compared to

the validity of a different set of ideas (Bacon,1979;

Halsher, Goldstein and Toppino, 1977).
Frequency judgments are a basis for category

knowledge.

Studies with children as subjects show that

these seem to learn the category membership of more

prototypical members of a particular group before they
learn the category membership of members with less

prototypical characteristics.

For instance, children learn

that robins and sparrows (more prototypical members) are
birds before they learn that chickens and ostriches (less

prototypical members) are birds (Mervis and Rosch, 1981,
review of literature).

Dwight E. Erlick conducted experiments in relative

frequency judgments.

In a study performed in 1961 subjects

were presented different categories of stimuli (numerals)

randomly. The rate of presentation was that of four stimuli
per second.

Such a presentation rate was chosen by Erlick
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since it is fast enough to be beyond the subjects’ ability
to count, yet slow enough to allow for a distinct "on-off"

time that could be noticed when the same stimuli were

repeated within the sequence.

Erlick determined that when

two categories of symbols or stimuli are equally frequent,
the category having the higher degree of clustering is

estimated by subjects as having the higher relative

frequency of occurrence.
actually more frequent,

When one of the categories was
the percentage of the correct

identifications of the more frequent category increases as

a function of an increasing difference in the relative
frequencies of the categories.
Erlick (1963a) compared groups that were composed of
only one symbol to those made of two and four symbols per

group,

presented at a rate of four symbols per second and

after the presentation subjects were to report which group
was perceived more often within the shown sequence.

It was

found that all three conditions (one, two and four symbols
per group) have approximately linear relationships that

indicate the same functional relationship holds when the

relative frequency differences are based on groups of
categories, at least when dealing with two groups composed

of either two or four categories.

Information transmitted

decreases in direct proportion to an increase in the number

of different categories per group.

Continuing studies in this area, Erlick (1963b)
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ability to perceive the relative

experimented with subjects'

frequency of random categories as a function of the
categories being coded.

The displays were either symbolic

(numerals shown on the same screen), spatial

(same symbol

shown on different screens) or a combination of these two

categories (different numerals shown on different screens).
A significant difference was found between the symbolic and
spatial displays.

This confirmed Erlick's hypothesis that

a spatial representation of categories is superior to a

symbolic representation.

The lack of significant

difference between spatial and symbolic plus spatial

displays supported the hypothesis that the addition of
symbolic cues does not enhance performance.

Erlick (1964) showed subjects, at fast rates of

presentation, two different symbols (letters N and S)
within a sequence.

Both symbols had the same frequency in

the sequence, but one of the symbols appeared to be more
clustered than the other.’ This was achieved by presenting

half of one of the symbols

within the first 25%,

38%,

50%,

Those symbols having the

62% or 75% of the sequence.

higher degree of clustering were estimated by subjects as
having the higher relative frequency .

It did not matter

if the clustering occurred at the very begining or the very

end of the sequence.
Increasing the rate of presentation has the effect of

increasing the number of events that are grouped together m
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chunks as a tallying unit.

Since subjects can only make a

finite number of discriminations per unit of time, if more

information is forced into a specified time period,

information will be broken down into larger chunks with a
consequent loss of information (Erlick, 1964).
Some researchers believe that complex tasks are carried
out with a mixture of both automatic and control processes.

Control processes are characterized as slow, generally
serial, effortful, capacity limited, subject regulated that
must be used to deal with novel or inconsistent stimuli.

It is very difficult to find any task that is not
accomplished through the use of both automatic and control
processes (Schneider, Dumais and Shiffrin, 1984).

Stroop Effect.

An effect demonstrating automatic

characteristics perhaps as a product of over-1 earning is that

described as Stroop phenomena.

J.R. Stroop (1935) found

that it took subjects on the average 2.3 seconds longer to
read 100 color names when the color name and ink color were

non-congruent than when all the color names were printed
with black ink.

In a related experiment, Stroop required

subjects to name the color of a series of colored squares
(color naming test), and reading color names printed in

non-congruent ink colors.

Once again he found that the

mean time increased from 63.3 seconds to 110.3

A whopping 99% of the subjects

seconds, or a 74% increase.

on the naming colors written in non-congruent ink test were
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above the mean on the color naming test.

Stroop interference occurs because subjects must

suppress their response to the irrelevant stimuli before

they can initiate their response to the relevant stimuli.
Interference is believed to occur as a function of
irrelevant information being processed more rapidly than

the relevant information.

It therefore reaches response

initiation first (Dalrymple-Alford and Azkoul, 1972; Klein,

1964; Morton, 1969).

Dyer's (1973) explanation states that when the relevant
word is combined with an irrelevant color, on the other
hand, it could be the transformation of the relevant word

to a color code that is disrupted by the presence of the

irrelevant color.

This might apply only to transformations

between words and things, or might even be more general.
Hock and Egeth's (1970) Perceptual Conflict Hypothesis
assumes that the subject is unable to restrict his
attention to the relevant aspect of the stimulus.

The

irrelevant information disrupts or delays the processing of

relevant information due to the division of a limited

processing capacity between the two types of information,
or due to the serial processing of the two different inputs
with the irrelevant information gaining prior entry under

some circumstances, and thus, holding up the processing of

the relevant information.
Cattell

(1886), Fraisse (1969), Ligon (1932), and
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Stroop (1935) reasoned that verbal responses to words take

less time than color naming because the irrelevant stimuli

is processed faster. Therefore it arrives at the initiation

stage before the relevant word stimulus.

It is this need

to inhibit the irrelevant information response that slows

the response of the subject and decreases accuracy in
judgments.
Several experiments have shown the generality of the
Stroop phenomenon.

Smith and Borg (1964) used achromatic

shades (white, grey and black) in incongruent combinations

with their corresponding names.

study.

Dyer (1971) used a similar

The interference found by Dyer was 40% less than

for a similar color version.
The Stroop phenomenon is not limited to color related
stimuli only. White (1969) presented subjects with four

different words: North, South, East and West.

The words were

shown within a square so that the words' spatial location
within the square was incongruent with the position denoted

by the word.

This took 20% longer than the control

subjects who had non-sense words at different locations
within the square.

It was not as effective as other color

versions of Stroop, but the results were significant.

Shor (1970) used arrows which pointed up, down,

and right.

left

Within the arrows, one of the following words

was written: up, down,

left or right.

In the congruent

set, both the arrows and the words within denoted the same
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direction.

In the non-congruent set, the direction given by

the arrow did not match that of the word within it.

The

non-congruent condition took 10% longer for subjects to
read the set of words.

Again, the difference between the

congruent and non-congruent sets was significant.
Numerals have also shown some potential to interfere
with counting when the numerals themselves were counted as

objects (Windes, 1968).

Sameness and differentness is another area affected by
Stroop.

Judging whether or not two color rectangles were the

same or different was greatly slowed by the words "same" or
"different" written within the rectangles (Egeth, Blecker and
Kamlet, 1969).

Stroop interference with word-asterisk combinations was

studied by Logan (1980).

When subjects encountered the words

ABOVE or BELOW with asterisks either on top or underneath the
word, it was found that in cases in which the location of the

asterisk conflicted with the location represented by the word,
subjects took signicantly longer to determine the position

denoted by either the asterisk or the word itself, when
compared to conditions in which the location represented by
the word and the asterisk position with relation to the
word were congruent.

Stroop (1935) suggested that the faster naming of words
than of colors resulted from the fact that a variety of

responses are learned to a specific color besides its name,
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whereas only the name response is learned to the written

color name.

Extensive practice on color naming caused a

substantial increase in time for reading words on the

interference card in a word reading session that followed
this color naming practice.

This effect declined very

quickly with reading levels almost back to the levels that
existed prior-to-color-namingpractice on the second testing
of word reading following that practice.

This view seems to be compatible with that of Morton

(1969) who assumed that there is only one response channel.
In a Stroop-type experiment, the faster reading response

tends to occupy the channel before the color naming can do

so.
In short, it is difficult, and perhaps impossible to

focus on either the word or color analyzer with gating of
the input from t he other analyzer.

It is possible to

conceive of the response competition in the Stroop task as

occurring because of this failure of selective attention to

focus on colors and gate word input (Treisman, 1969).
In Logan’s (1980) study, Stroop interference was found
with word-asterisk combinations.

When subjects encountered

the words "ABOVE" or "BELOW" with asterisks either on top

or underneath the word,

it was reported that in cases in

which the location of the asterisk conflicted with the
location represented by the word, subjects took
significantly longer to determine the position denoted by

13

either the asterisk or the word itself, when compared to
conditions in which both the word and asterisk were made
congruent.
In the present research the effect of Stroop stimuli

upon judgments of relative frequency was explored.

The

research principally addressed the effects of incongruent

relationships between the locations of target stimuli and

words designating the locations of target stimuli.

The

basic stimulus set was that used in an earlier assessment
of reaction time as a function of the Stroop effect (Logan,

1980).

In the present research these stimulus pairs were

rapidly presented, and instead of reaction times being
obtained the subjects made estimates of the relative

frequencies of the designated target symbol positions.

The specific purpose of the present research was to
assess the effects of two particular conditions under which

perceptual judgments of relative frequency may be obtained:
(1) a condition in which 100 percent of the stimulus
presentations demonstrate a congruence between a word
related to the position of a symbol and its actual

location, and (2) a condition in which 50 percent of the
time there was congruence, and 50 percent of the time there

was a non-congruence between the location of a symbol and a
word related to its location.

It was expected that frequency judgments would be
affected by the levels of congruency.
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Specifically, it was

expected there would be more error overall under the 50

percent congruent condition, regardless of target location
and target percentage.
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CHAPTER II
Method

Subjects.

Twenty-four subjects from the University of

Dayton were used in the experiment.

They were required to

possess corrected or uncorrected 20/20 vision.

For their

participation subjects received one research credit towards

the fulfillment of the research requirement of the
introductory psychology course.

Apparatus. The experiment used a UCR computer, model
BTC-5339 and a 13-inch monitor.

Responses were entered on

standard numeric keys located on the right side of the

keyboard.

All stimulus presentations, timing, and data

entry requests were performed by a software program.
Stimulus Materials.

The perceived relative frequency

(PRF) responses were based upon information presented on

the upper left section of the 13-inch monitor. As shown in
Figure 1 twenty-four of four stimulus word-asterisk pairs

made up each of 24 stimulus word-asterisk combinations:

an asterisk centered above the word "ABOVE";
asterisk centered below the word "ABOVE";

(1)

(2) an

(3) an asterisk

centered above the word "BELOW"; and (4) an asterisk
centered below the word "BELOW".

A total of 96 stimulus

sets of 24 stimulus presentations were presented to
each subject.

Each set presentation had a duration of 1.5

seconds on the monitor, and was inmediately followed by a
request appearing on the computer display requesting
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what

it

*
ABOVE
*
BELOW
*
BELOW

*
BELOW

*

ABOVE

ABOVE

*
BELOW

BELOW
*
*
BELOW

*

BELOW
ABOVE
*

*
ABOVE
ABOVE
*

*
it

BELOW

ABOVE
*
ABOVE

ABOVE
*

*

ABOVE

*
ABOVE

ABOVE
*

*
BELOW

BELOW
*
*
BELOW

BELOW
*

Figure 1.
Example of stimulus set.
Asterisks above the
words appear 66.67% of the time and asterisks below the word
are present 33.33% of the time, regardless of the word.
This stimulus set is of the CON-50 type.
Therefore, the
word and asterisk location with relation to the word are 50%
congruent and 50% non-congruent.
The CON-100 version of
this example has words and asterisks which are always
congruent.
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percentage of occurrence the subject felt was the right one

for their assigned target location (asterisk-above or
asterisk-below) .

Procedure.

In the initial instruction and practice

trials subjects were familiarized with the basic relative

frequency task, the keyboard response requirements, and the
sequence of stimulus presentations.

The task required that the subjects first view a
briefly-presented set of 24 paired asterisk and word
presentations.

At the end of the displayed set subjects

madean estimate of the percentage of times the designated
target position had appeared in the set.
The perceived relative frequency of the target stimulus
was requested by the computer to be entered on the computer

keyboard as a number within the range of 0 to 100.

When

completed the subject was queried by the computer display

to push a key when the subject was ready to commence the
next trial.

All trials were self-paced and a five-minute break was
provided after the first 48 trials.

Subjects had eight

practice trials which differed in order of presentation

from those that were to be the actual test trials.

All of

the practice trials belonged to the CON-50 condition (50%

of the asterisk/word combinations were non-congruent within

the presented set) to familiarize subjects with all
possible stimulus combinations.
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The sequential composition of asterisk-word

combinations for each subject was random with the following
constraints:

(a) the asterisk position pattern repeated

identically after 48 trials,

(b) the exact asterisk

locations were randomly assigned with the constraint that
no more than two identical positions could occur in

immediate sequence and that all four possible locations
were equally utilized, and (c) that the percentage of

targets within each presentation sequence (trial) varied
randomly across trials between the four percentages of

33.33%, 66.67%, 41.67% and 58.33% with no more than two

identical target percentages appearing in immediate
sequence, and with an equal number of target percentages
placed within each of four 24-trial blocks making up the 96

trials.
Each subject received 96 PRF trials.

Twelve of the

subjects (Group 1) were instructed to report on each trial
the percentage of times an asterisk appeared above a word

in the asterisk and word pairs.

And, twelve of the

subjects (Group 2) were instructed to report the percentage
of times an asterisk appeared below a word in the asterisk
and word pairs.
In each of the groups, half of the subjects received :n
the first 48 trials stimulus presentations in which word

meaning and position of the asterisk were always congruent
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(CON-lOO), followed immediately by 48 trials in which word

and asterisk were congruent 50 percent of the time within
The other half of the subjects received CON-50

each trial.

condition first followed by the CON-lOO condition.

Design.
the design:

Three independent variables were included in

(a) degree of congruency of the target stimulus

position and a word describing position,

(b) percentage of

target designated word-asterisk pairs of 24 word-asterisk
paired combinations,

(c) target locations identified as

asterisk-above or asterisk-below.

The independent variables were evaluated by means of
four dependent variables:

responses,

(a) absolute error

of PRF

(b) standard deviation of absolute errors,

(c)

mean error of PRFs, and (d) standard deviation of the mean

errors.
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CHAPTER III

Results

Mean Absolute Error of PRF Responses.

Means of AE of

PRFs were derived as a function of the asterisk-above and
asterisk- below targets, the percentage of target stimuli
presented, and the conditions of congruency between

location of asterisk and word.

Each subject received four

means of absolute error. The means were based upon 12
responses under each of the four target percentages during

the first 48 trials, and

upon 12 responses under each of

the four target conditions during the last 48 trials.
A 2-x-4-x-2 analysis of variance (ANOVA) was performed

on the measures of absolute error in order to analyze the
effects of two conditions of congruency (CON-50, CON-100),

four conditions of target percentages (33.33%, 41.33%,
58.67%,

66.67%), and two conditions of target positions

(asterisk-above, asterisk-below). The analysis showed that

neither the task conditions of 100 percent congruent

stimuli (CON-100), versus 50 percent congruent stimuli

(CON-50), nor the effects of the conditions of target
location (above/below)

had a reliable effect upon absolute

error of perceived relative frequency. Also, the
interactions of target position, congruency, and percentage

of targets were not found to be statistically significant.

A reliable effect was demonstrated as a function of
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percentage of targets [F(3,66)=7.04, p <

.05].

As shown in

Figure 2 mean absolute error varied as a function of the

target percentages.

Absolute error appeared to be of less

magnitude for the extreme percentages (33.33%, 66.67%) than

for the target percentages (41.33%, 58.67%) which were the
conditions closest to equal percentages of target and

non-target word-asterisk pairs.
In order to assess the possible effects of congruency

in the first 48 trials upon PRF the same 2-X-4-X-2 ANOVA

was conducted on subject's absolute error within the first
48 trials.
that of

The only comparison to reach significance was

target percentage.

Figure 3 depicts absolute

error as a function of percentage of targets.

There

appears a trend for mean absolute error to be of greater
magnitude in the conditions with target percentages greater

than fifty percent.

Standard Deviation (STD) of Absolute Error.

Means of

STD of absolute error were based upon the standard

deviations of absolute error within blocks of 12 trials
making up the 96 trials per subject.

The STD was analyzed

as a function of the asterisk-above and asterisk-below

targets, the percentage of target stimuli, and the

conditions of congruency between location of asterisk and
word describing the location.

A 2-x-4-x-2 ANOVA was

performed on measures of STD of absolute error to analyze

effects of two conditions of congruency (CON-50, CON-100),
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ABSOLUTE ERROR

Figure 2.
Absolute error as a
function of target percentage.
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ABSOLUTE ERROR

TARGET PERCENTAGE

Figure 3,
Absolute error for the
subjects' initial 48 trials as a
function of target percentage.
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four conditions of target percentage (33.33%, 41.33%,

58.67%, 66.67%), and two conditions of target locations

(asterisk-above, asterisk-below). None of the comparisons
available within the ANOVA were found statistically

significant.
In order to assess the possible effects of congruency

in the first 48 trials upon

perception of relative

frequency, thesame 2-x.-4-x.-2 kHOVk was conducted on

subject’s STD of absolute error within each of the 12-trial
blocks of conditions comprising the first 48 trials.

The

only comparison to reach significance was the interaction
effect between the two congruency conditions

(CON-50/CON-100) and the two target asterisk locations

(ABOVE/ BELOW)

[F(l,20)= 5.38, p <

.05].

Figure 4 shows

evidence that relative to subjects in the CON-100 treatment
subjects in the CON-50 treatment, receiving the

target-above condition, had lesser STD of absolute error
than those receiving the target-below condition.
Mean Error of PRF Responses.

A 2-x-4-x-2 analysis of

variance was performed on the measures of mean error in

order to determine effects of two conditions of congruency
(CON-50, CON-100), four conditions of target percentage
(33.33%,

41.33%, 58.67%,

66.67%), and two conditions of

target position (asterisk-above, asterisk-below). The only
effect to reach signicance was that of target percentage

[F(3, 66)= 46.17, P<

Figure 5 portrays mean error as

.01].
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Figure 4,
Standard deviation of absolute
error as a function of both congruency and
target location for subjects' initial 48 trials.
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a function ofthe four levels of target percentage.

The

higher target percentages appeared to show greater
magnitude of average under-estimation relative to lower

target percentages.

In Figure 6 which illustrates the

interaction between percentage of target and target

location, the target above condition appears to have less
mean error, in the conditions of larger target percentages,

relative to the mean error stemming from the target below
condition.

A follow-up 2-x-4-x-2 ANOVA was carried out with the
first 48 trials to permit the possible detection of
congruency as an initial effect before subject's switched

conditions from either a CON-50 to a CON-100, or from a

CON-100 to a CON-50 condition.

The only result reaching

significance was that showing an interaction between target

percentage and target location [F(3,66)= 3.52, p <.O5].
The interaction is depicted in Figure 7 and illustrates the

same general relationship as that reported above with the
analysis using all 96 trials.

Larger target percentages

appear to be associated with larger error for subjects
detecting targets above words relative to subjects
detecting targets below words.

Standard Deviation of Mean Error.

Means of STD of mean

error were based upon STDs of mean errors within the

12-trial blocks composing the 96 trials per subject. The
STD was analyzed as a function of the asterisk-above and
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asterisk-below targets, target percentage, and degree of
congruency between word and location.

A 2-X-4-X-2 ANOVA

was performed on measures of STD of absolute error in order
to assess the effects of congruency, target percentage, and

target location.
the ANOVA

None of the comparisons available within

were found significant.

A second ANOVA based on

the first 48 trials found a significant interaction between

congruency and target location [F(l,20) = 5.26, p <

.05].

Figure 8 shows subjects in CON-100, relative to subjects in
CON-50, appeared to have a larger variability in mean

errors in the target-above condition in comparison to the
target-below condition, while subjects in CON-50 showed

greater variability in the target-below condition in

comparison to the target-above condition, relative to
CON-100 subjects.
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Figure 8.
Standard deviation of mean error for
the subjects' first 48 trials as a function of
congruency and target location.
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CHAPTER IV
Discussion
Greater error in. perceived relative frequency was

anticipated as an outcome of using noncongruent as compared
to congruent stimuli in the present research.

The error

difference if found would have been strong evidence for
interaction of relative frequency perception and the Stroop
effect.

This was not the case.

The four target percentages did show a significant
effect as expected.

The middle proportions (41.67% and

58.33%) appeared to have the highest absolute error among
all four target percentages.

These findings are compatible

with those of Erlick (1962) which showed that the more two

stimulus sets differ in proportion the more accurate the
frequency judgments.
When only the first 48 trials of all subjects were
analyzed, absolute error appeared to be higher in the

58.33% and 66.67% target percentages.
compatible with those of Erlick (1962).

This finding was not

This difference

between the initial 48 trials and all 96 trials appears to
indicate that with practice subjects in general achieved

better at frequency judgments.
It was anticipated that congruency by itself would have
a significant effect across the experimental conditions but
such was not the case.

However, it was found that

congruency interacted with target location with relation to
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the words among the initial 48 trials.

STD of absolute

error appeared to be higher for those subjects who had
their targets below the words in the CON-50 condition.

The

reverse appeared true under the CON-100 condition.

Initially, it was expected that one of the two target
locations would have the highest standard deviation of

absolute error under both levels of congruency.

Perhaps

the observed discrepancies under both levels of congruency

derived from inter-subject variability and the relatively
low number of subjects represented in the four combinations

within the interaction.

Target percentage had a significant effect.

It was

expected subjects, when presented with a target percentage
less than 50% (33.33% and 41.67%) would tend to

overestimate in an attempt to move towards the mean (50%).

Subjects were expected to underestimate when confronted
with trials which were more than 50% (58.33% and 66.67%).
Although subjects apparently overestimated and
underestimated as expected, the overestimation at the

41.67% proportion was very small.
zero.

It almost approached

Interestingly enough, the mean error range appeared

at least more pronounced in the 58.33% and 66.67% target

percentages.

The direction of mean error, as anticipated

was a negative one for those target percentages over 50%
and a positive one for those under 50%.

But it was

expected that the amount of mean error would be
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approximately the same for 33.33% and 66.67% regardless of
direction and the same for 41.67% and 58.33% since these
paired target percentages are basically mirror images of
each other.

A significant interaction between the four target
percentages and the two target locations, using mean error

as the dependent variable, shows error is about the same
for the 33.33% and 41.67% target percentages.

to be almost identical.

They appear

Oddly, the above-word-target

subjects tended to underestimate less than the

This appears to suggest a

below-word-target subjects.

tendency for subjects to be more accurate at perceiving
proportions when their assigned target is located above the

word.

The effect seems evident in the 58.33% and 66.67%

target percentages.

Possibly subjects scanned those

asterisks above the words first.

This might account for

the lesser amount of mean error in the 58.33% and 66.67%
target percentages.

The findings seem to apply to the

analysis of both the initial 48 trials and all 96 trials of
each subject.

The CON-100 condition shows subjects to have a higher
STD of mean error when their target was above the word, but
when the trials are given under CON-50, it is those
subjects with targets below the words who have a higher STD

of mean error. What is found under one of the congruency
levels is somehow reversed in the other.
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It was expected

that across both conditions of congruency only one of the
target locations would provide the highest STD of mean

error. These unexpected findings seem to suggest that
perhaps these results were due to variability or the low

number of subjects within the conditions.

There is of

course the possibility that this interaction is valid in
the manner described by the analysis.

Findings in this study suggest that at least at

fairly fast rates of presentation congruency by itself does

not have a significant effect.
expected, were significant.

Frequency judgments, as

Why is this?

In the review of

the literature of the Stroop phenomenon, subjects proceeded

at their own pace.

Perhaps for the Stroop phenomenon to

occur, the subjects must be given a critical duration of
time to notice the interfering stimuli.

Thus, given faster

rates of presentation there is not enough time for the

subjects processing to be slowed by the interfering
stimuli, and subjects are therefore forced to pay attention

only to the relevant stimuli and ignore the distraction.

Information processing capacity is limited.

Perhaps

the interaction although not evident in the present

research could be found by interacting Stroop and PRF

through different methods.

The lack of a direct negative

effect upon judged relative frequency could be more related
to differences in the way in which the two effects of
relative frequency and Stroop are measured. The Stroop
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phenomena is almost always defined via a measure of
processing time, either a sum of individual response times,

as in Stroop’s original research, or the mean of individual

reaction times as in the study by Logan (1980) which used
the same asterisk and word combinations as the present

effort.
Relative frequency perception as a function of actual
stimulus frequencies, although degraded by fast stimulus

presentations, is fairly accurate and observable without

the use of a dependent measure such as reaction time.

As a

matter of fact, the phenomena is notable because it occurs

independent of one's having to attend to stimuli with
intention to encode the relative frequency.

If the

interaction of Stroop effect with PRF is not found using
research approaches as in the present effort, then

successful interaction may have to await a method of

intermixing measures of the two phenomena or finding a

common measure upon which both may be compared both

separately and together.
It is true stimulus grouping produces "clumping" that

does in turn produce an over-estimation of perceived

relative frequency of the clumped category (Erlick, 1963a).

Perhaps a better research design would provide clumping
only as a category defined within rules which would produce

a differential degree of clumping dependent upon "Strooped"

versus "non-Strooped" sets of stimuli.
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There are of course

many other possibilities in research strategy.
An alternate view would accept Stroop and relative

frequency perception as largely independent phenomena and
therefore not capable of being interacted.

This view, if

valid may be of help in defining the boundaries of each
effect and bear upon providing a better grasp of how each
is involved in human perception.
It might be fruitful to replicate this experiment using

the original Stroop stimuli of color names printed in

non-congruent colors or perhaps other variants within
studies of the Stroop effect.

Subjects are definitely

exposed more often to colors and their names and might be

more sensitive to such stimuli, at least in comparison to
Logan's stimuli of asterisks and words.

In the current research subjects received a fairly high
number of trials.

Sets of 24 stimuli were shown one at a

time for a total of 96 trials per subject.

Congruency

might have been able to produce a significant effect,
perhaps, had subjects been presented each word-asterisk
combination one at a time at fairly fast rates of

presentation.
It is also possible that if the rate of presentation is

slowed somewhat, yet kept fast enough to prevent the
subjects from counting,

that this might give the Stroop

phenomenon a chance to actually be noticed and create an

interference with frequency judgments.
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Therefore, the

faster the rate of presentation, the less Stroop phenomenon

might be found.

At slower rates we might be able to find

interference in relative frequency judgments due to the

Stroop effect.
A problem encountered during the present research was
the possibility that some subjects were able to partially
"filter out" words that were shown along with the

asterisks.

A few subjects did report at least some

attempts to defocus words in order to estimate the

percentage of asterisks as a set rather than observing each

word in the set, and thereby processing asterisks without
reading words.

It is recommended that future research

incorporate Stroop tasks which can avert any secondary

response strategies which could weaken the Stroop variable.
In conclusion, although the current research did provide

some useful information on the effects of congruency on

frequency judgments of stimuli shown at a fast rate of
presentation, this study is by no means complete, and
further exploratory research will be needed to better

assess the possibility of Stroop modulation of relative
frequency perception.
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APPENDIX A

Instructions

Sets of the words "ABOVE" and "BELOW" will be presented
to you on a computer monitor.

Each word will have one

asterisk either on top or underneath the word.

Therefore

you might be presented the word "ABOVE" with an asterisk
either on top or underneath the word.

The same applies to

the word "BELOW". Your task is to pay attention to those

asterisks (either those on top or underneath the words)
assigned to you by the experimenter as a target.
will be several trials.

There

At the conclusion of each trial

the following request will be shown on the monitor:

ENTER

PERCENT OF TIMES THE * WAS ABOVE/BELOW THE WORD (FROM 0 TO

100)..... ?

You are to input the percentage (EXCEPT 50%)

you think is the correct one or the closest to it by first
pressing the proper

numerical keys.

Please double check

your response.

Once you are certain of your reply, hit

the ENTER key.

If by any chance a non-intended reply is

entered, please notify the experimenter so he can make any

necessary adjustments.

The computer will instruct you to

start the next trial by pressing the ENTER key.

Since a

trial will inmediately follow, it is advised to pay

attention to the monitor prior to pressing the ENTER key.
Trials will be self-paced so proceed at a rate which is

comfortable for you.

If you feel any discomfort and wish to

rest or even stop the task feel free to do so.
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Simply

notify the experimenter if there is a problem.

After going through some trials, the following message

will appear on the monitor:

BREAK TIME = 5 MINUTES.

Please notify the experimenter so he can set up the

computer for the second set of trials while you take your
break.

The instructions to follow on the second set are

identical to those on the first set.

Once the BREAK TIME

message appears on the screen a second time stop.
the experimenter.

Notify

Your task has been concluded.

Prior to engaging in the actual task, there will be
some practice trials to familiarize you with the upcoming

task.
This experiment involves no deception and does not

measure personal traits such as IQ.
confidential.

Results are strictly

The stimuli to be presented to you will be

the same that has been discussed here.

You are not going

to be monitored in any way while you are performing your

task.

If you have any additional questions about the

procedure ask the experimenter. There will be a short
debriefing session to inform you of the actual goals of the
present research.
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